The human olfactory system provides us with information about our environment that is critical to our physical and psychological well-being. Individuals can vary widely in their ability to detect, recognize, and identify odors, but still be within the range of normal function. Although several standardized tests of odor identification are available, few specifically address the issues in testing very young children, most of whom are likely to be unfamiliar with many of the odor stimuli used in adult tests and have limited ability to read and identify labels to select among choices. Based on the format of the San Diego Odor Identification Test and the delivery system of the University of Pennsylvania Smell Identification Test, we developed 2 versions of an odor identification test using standardized odor stimuli in a scratch-and-sniff format in which participants match 5 (children) or 9 (adults) odors to pictures representing the odor source. Results from normative testing and validation showed that for most participants, the test could be completed in 5 minutes or less and that the poorer performance among the youngest children and the elderly was consistent with data from tests with larger numbers of items. Expanding on the pediatric version of the test with adult-specific and public health-relevant odors increased the ecological validity of the test and facilitated comparisons of intraindividual performance across developmental stages. Neurology The human olfactory system allows us to detect odors, to recognize and discriminate odor qualities, and to identify the sources of odors in our world. Humans are capable of detecting and discriminating thousands of different odorant molecules, many at extremely low concentrations (i.e., parts per billion or trillion). Our sense of smell provides us with information about our air, water, and food that is critical to our health and safety, nutrition, and psychological well-being.
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The process of olfaction is initiated when volatile chemicals stimulate olfactory receptor neurons located on a relatively small patch of specialized epithelial tissue high in the nasal cavity. 1 These sensory neurons have axons that travel as the olfactory nerve (cranial nerve I) to terminate in the olfactory bulb. In turn, the olfactory bulb projects more centrally and contributes inputs for higher cortical processing, which results in olfactory perception. 2 Odorants reach the olfactory receptors in 2 ways: they can enter the nostrils during normal inhalation (orthonasal route) or travel from the back of the oral cavity to the olfactory receptors via the nasal pharynx (retronasal route). The perception of food flavor involves a combination of olfactory activation caused by odorous compounds released into the nasopharynx retronasally through chewing, drinking, and deglutition, and the blending of taste (salty, sour, bitter, sweet, umami) and oral somatosensory sensations (texture, heat, cold).
3 Nasal blockage and swelling can prevent odors from entering the retronasal stream, resulting in a shift of flavor toward blandness. Reported taste loss is more typically a loss in the perception of food flavor due to loss of retronasal olfactory function than to a decrement in taste perception, per se.
Often patients do not recognize the presence of a less-than-total loss of smell until they are formally tested. As with the other major senses, quantitative testing of olfactory function is essential to determine the validity of a patient's chemosensory complaint, characterize the specific nature of the problem, accurately monitor changes in function over time (including influences of pharmacologic, surgical, or immunologic interventions), detect malingering, and establish compensation for disability. Multiple factors can compromise smell function, including allergies, bacterial and viral infections, head injuries, sinonasal disease, and environmental exposures to toxins and pollutants. 4 Importantly, smell dysfunction is one of the hallmark "preclinical" signs of neurodegenerative diseases such as Alzheimer disease and Parkinson disease. [4] [5] [6] [7] There are a variety of ways to assess olfactory capabilities and olfactory loss in humans, which were reviewed by Doty, 8 but most are not consistent with the requirements of the NIH Toolbox initiative to be an "off the shelf," brief and inexpensive test, suitable for use in ages 3 to 85 years. 9 Odor detection is evaluated by measuring the lowest concentration of an odorant at which an individual a) can just detect the odor's presence, or b) can discriminate it from a sample of odorless air. The concentration at which this occurs is considered the detection threshold for that compound. This value can be compared with normative data obtained on other individuals to determine whether the measured sensitivity falls within a normal range. Although threshold testing is a sensitive way to measure differences in olfactory function, threshold tests take a great deal of time to administer. Odor identification, however, is evaluated by presenting individuals with a variety of recognizable odorants at suprathreshold concentrations (i.e., above the detection level for most subjects) and requiring them to choose the correct identity of the odor from a set of possible names or pictures. Performance can be compared with norms applicable to healthy young adults, or alternatively, to age-and sex-adjusted norms. Depending on how the odor is presented, identification tests can be brief to administer and may not require specialized equipment or training of the examiners.
Our literature review found a number of different tests that have been used to evaluate olfaction in both adults and children. However, there were very few brief measures that were validated for the evaluation of olfactory ability across the lifespan and that could be used by nonspecialists in a variety of testing venues. After an extensive literature review, 2 tests were identified as suitable for further investigation or development: the 12-item cross-cultural version of the University of Pennsylvania Smell Identification Test (termed the Brief Smell Identification Test [B-SIT]), 10 a test using microencapsulated "scratch-and-sniff" odors, and the San Diego Odor Identification Test (SDOIT), 11 a test comprising 8 everyday food or household items that are presented for sniffing in opaque plastic jars. Both of these tests, which are well correlated with one another, 12 have been used to test children and adults, although the SDOIT was specifically developed for children 5 to 12 years of age. Only 2 items (chocolate and cinnamon) from the 12 items on the B-SIT overlapped with those in the SDOIT, thus providing valuable data on the best odors to use when developing a brief olfactory assessment to be used for individuals aged 3 to 85 years.
Two studies were initially conducted in the development of the test and are described in detail in an earlier publication. 13 In the first study, 369 children (aged 3-17 years) and 277 adults (parents) were tested. In the second study, 50 children (aged 3-4 years) and 43 adults were given a revised version of the test with 8 odors that had been judged to be more representative of the odor source and more familiar to children. As expected, identification accuracy increased with age. Children as young as 3 years were able to understand the instructions and perform the test, but took longer than did older children and adults. From the results of these studies, we developed 2 versions of the test, using the items depicted in table 1.
Using these 2 versions of the test, a largescale study was then conducted at multiple sites in the United States to provide normative data for the test and to validate it against previously established tests of olfactory function: the University of Pennsylvania Smell Identification Test (UPSIT) 14 and the 12-item B-SIT. 10 Items 1 to 6 were administered to children between the ages of 3 and 9 years and items 1 to 10 were administered to individuals between the ages of 10 and 85 years. The first 6 items were selected based on their familiarity to young children. The final 4 items included odorants that were not only more familiar to adults (i.e., coffee), but also included 2 odorants that are signals of potential hazard (wood smoke and natural gas) and for which there is evidence of significant age-related declines. 15 As in the previous study, the odorants were microencapsulated and placed onto small individual cards. After scratching the card and sniffing from each sample, respondents were asked to choose the best match for each odor from 4 pictures, representing the correct and 3 distractor odor sources. Before the actual test, to ensure familiarity with the pictured odor sources, children younger than 10 years were asked to point to the correct picture (targets and distractors) when the experimenter named them. If they made an error, they were shown the correct answer and retested on only those items. This is an important step because odor identification tasks depend not only on the ability to smell, but familiarity with the odor stimulus, which will vary with age and experience.
PARTICIPANTS For the normative study, 1,446 children (aged 3-9 years; 726 females) were administered the 6-item pediatric version of the NIH Toolbox Odor Identification Test, and 2,884 individuals (aged 10-85 years; 1,629 females) were administered the 10-item NIH Toolbox Odor Identification Test. The pediatric sample included Hispanic or Latino (45.8%) and nonHispanic or Latino (52.1%) individuals (2.1% had missing data on this point). The adult sample included Hispanic or Latino (24.4%) and non-Hispanic or Latino (73.8%) individuals (1.8% missing). For evaluating testretest reliability, 480 individuals (aged 10-85 years) and 106 children (aged 3-9 years) were retested 1 week later. For the validation study, 445 of those individuals (ages 10-69 only) were also administered the 40-item UPSIT. Because the 12-item B-SIT was composed of items in the larger UPSIT, the B-SIT data were extracted for analysis as well.
RESULTS As shown in table 2, we found clear evidence of differences in identification accuracy, both as a function of the odor item as well as a function of age. The pattern of lower performance among the youngest children and the elderly is consistent with data from tests containing a larger number of items.
14 Test-retest reliability was significant at p , 0.001 for all groups, although relatively low because of the small number of test items (Pearson 0.575 and 0.454 for ages 10-85 and 3-9 years, respectively). One item in particular, cinnamon, seemed to be poorly identified by all age groups and, because of concerns about odor quality, was subsequently excluded from both the pediatric and adult versions of the test.
The figure depicts the mean overall test scores in the validation sample, comparing the NIH Toolbox Odor Identification Test with the 40-item UPSIT and the 12-item B-SIT. Across the age bands, performance on the Toolbox test tracks the performance of the other 2 tests fairly closely. Importantly, the Toolbox test does seem to identify the age-related losses in olfactory acuity Table 1 Odorants used in the NIH Toolbox Odor Identification Test for children (nos. 1-6 only) and adults Cinnamon a 1
Play-Doh 2
Chocolate 3
Lemon 4
Popcorn 5
Bubble gum 6
Flower 7
Coffee 8
Natural gas 9
Smoke 10 a Because of concerns about odorant stability, cinnamon odor was subsequently removed from both versions of the test. a Note that 6 of the odorants were administered to all subjects; the 10-odor test was only administered to subjects aged 10 years and older.
that begin in the fifth decade of life, consistent with the UPSIT and B-SIT. Although the 4-alternative matching test of an odor to a picture can be understood and completed by children as young as 3 years, the lower performance among this group clearly reflects the unfamiliarity of some of the stimulus items to some children as well as the potential developmental trajectory of olfactory function. It is worth noting, however, that overall performance for children 10 to 17 years of age is better on this test than on the UPSIT or B-SIT (figure) (t (277) 5 4.2, p 5 0.00 and t (277) 5 3.04, p 5 0.003 for the UPSIT and B-SIT, respectively). This suggests that the pictorial response format of the Toolbox test and the selection of odor items that are more familiar to children separates the assessment of olfactory ability from the potential confounds of cognitive or developmental influences.
CONCLUSION Both versions of the NIH Toolbox Odor Identification Test seem to meet the requirements and goals of the NIH Toolbox initiative to develop brief, inexpensive, easy-to-administer assessments that can detect change over time and in a wide age range of individuals. It can be easily and quickly administered to even very young children and the elderly and, based on feedback from this study, is uniformly enjoyed by the test subjects.
Expanding on the pediatric version of the test by adding more adult-specific and public health-relevant odors not only increases the ecological validity of the test, but also allows comparisons of intraindividual performance across developmental stages. Importantly, there is evidence that the test in its present form can distinguish impairments in olfactory function due to age-related losses and may therefore be able to distinguish olfactory dysfunction in other age groups as well.
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